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1....RNC QUERY THE STATEMENT OF THE CELL THAT 
UE LOCATED, DETERMINE THE MEASUREMENT 
EVENT 2F AND 2D AND RELEVENT PARAMETER THAT 
UE MUST MEASURE. (INTlATE COMPRESSED MODE 

* TO MEASURE) 

2 — RNC TRANSMIT MEASUREMENT CONTROL MESSAGE 
TOUE 

3.... UE MEASURE ACCORDING TO RNC. IF THE EVENT 
SATISFIED. REPORTING THE MEASURED RESULT 

4.. . AFTER RECEIVED THE EVENT. RNC PROCESS 
CORRESPONDING TO THE UE EVENT REPORT 

5....EVENT2P? 

6.: ..DETERMINE THE NEXT MEASUREMENT EVENT IS 

ONLY 2D 
7....EVENT2D7 

«... DETERMINE THE NEXT MEASUREMENT EVENT IS 

• EVENT 2A AND 2F 
9..-.EVENT2A7 

10.. AT THE CARRIER CORRESPONDING TO THE CELL. 
ADMITTING AND DISTRIBUTING THE RESOURCE 

H...1F NEED HAND OFF. AFTER DETERMINE THE OBJECT 
CELL. TRANSMIT THE HAND OFF COMMAND. AND 
REQUIRE UE TO MEASURE BVBNT 2F AND EVENT 2D, 
IF CANT HAND OFF, CONTINUE TO REQUEST UE TO 
MEASURE EVENT: 

12. . .1GNOR THIS EVENT AND WATT FOR NEW REPORT EVENT 

A. .. .YES 

B. ...NO 



(57 1 Abstract: The present invention publishes the method of using the subscriber's equipment event to active the report to 
control the frequency hard hand-off in the wideband code division 'multiple access communication system, this method applies 
tp multiple frequency coverage geographical cell. The characteristic is, the wireless network controller receives the subscriber's 
equipment report, then according to the event to decide or perform: The present method is logical and high efficiency, and can 
implement the frequency hand-off that the wideband code, division multiple access communication system required, and can 
improve the communication quality and reduce the transmitting power of the subscriber's equipment, and can reduce the 
interference to other cell, and can increase system capacity. [$Lf& 35] 
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Decision Method for Inter-frequency Hard Handoffs 

in a WCDMA System 

Technical field of the invention 

The present invention relates to communication 
technologies, and in particular to a decision method for 
inter-frequency handoffs in a Wideband Code Division Multiple 
Access (WCDMA) system- 
Technical background of the invention 

With mobile communication systems being applied more and 
more widely, many of the key techniques become more and more 
perfect, but there are still some problems needing solution, 
among which is that of cell handoffs. In a cellular wireless 
communication system, the coverage area of the wireless 
communication system consists of numerous partially 
overlapping cells. When a mobile user is moving in this area, 
it often occurs that the mobile user connected to a cell 
handoffs from one cell to another. In the first and second 
generation cellular mobile communication systems, the 
frequency used by a specified cell cannot be used again by 
the adjacent cells, that is, the cells that use a same frequency 
should have an interval in space between them to ensure 
frequency multiplexing. Consequently, handoffs of a mobile 
user between cells are mainly performed between channels with 
different frequencies, when the handoffs can incur a period 
of interruption in the voice transmission, leading to the 
phenomenon of interruption in the communication, and are 
called hard handoffs. 

With the emergence of the third generation mobile 
communication systems, the soft handoff technique with its 
advantages in a WCDMA system has increasingly found 
applications, wherein a user equipment (UE) , when 
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establishing a connection with a new cell during movement, 
does not sever the connection with the original cell 
immediately, but performs a soft handof f on the same frequency 
point, thereby reducing the call drop rate significantly. 
Because the frequency multiplexing factor in a third 
generation system can reach up to 1, adjacent cells can use 
a same frequency, making possible soft handoffs between 
different cells, thus enhancing the communication quality of 
the entire system. 

Similar to a GSM system (Global System for Mobile 
Communication) , a WCDMA system may use multiple frequency 
points in some user-intensive hotspots to enhance the system 
capacity, thus forming multiple coverage, and in this case, 
during the movement of a UE, either variations of the 
surrounding environment or increase of the number of the users 
on the currently used frequency point may cause the 
deterioration of the communication quality of the UE, and only 
soft handoffs within a frequency may not well satisfy the 
requirements of the UE on the communication quality, so in 
areas covered by multiple frequency points, it is necessary 
to consider employing inter-frequency hard handoffs in order 
to achieve a better communication quality. Before 
implementing a hard handoff, it is needed to evaluate 
comprehensively the communication qualities on different 
frequency points, and when the conditions are appropriate, 
handoff the UE to the frequency point with the best quality 
in time, that is, to perform an inter-frequency hard handoff. 
Because a hard handoff may possibly cause a call drop, how 
to reduce the risk of call drops is a key point needing to 
be considered in a handoff scheme. 

A WCDMA system has many its own unique features as compared 
with other systems such as a GSM system and a CDMA system, 
and its development period in every countries has been 
relatively short, so there are not yet many existing 
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technologies that can be tapped on in terms of specific handof f 
implementations, and in disclosed patents no relevant content 
on inter-frequency hard handoffs has been found. 

Summary of the Invention 

Employing different inter-frequency hard handoff 
implementations has great impact on the system performance: 
first, in order to improve the communication quality of some 
UEs, it is necessary for the system to implement 
inter-frequency hard handoffs. In other words, regardless of 
the specific implementation scheme, the implementation of the 
inter-frequency hard handoff function should be a basic 
function of the system; otherwise the communication quality 
may be greatly affected. In existing WCDMA systems, no 
practical and relatively excellent solution has yet been 
disclosed by equipment providers; second, what method to use 
to implement the inter-frequency hard handoff function in 
order to obtain the best handoff performance, that is, to 
improve the communication quality of the UE while at the same 
time reduce the risk of call drops, is extremely important 
for ensuring the performance of the entire system; third, 
while implementing the inter-frequency hard handoff function, 
it is necessary to consider the processing capacity of the 
system. Too much processing at the radio network controller 
(RNC) side may create a bottleneck, having relatively severe 
impact on the system capacity. The present invention is to 
propose a solution of inter-frequency hard handoffs in a WCDMA 
system. In the Specification 3GPP TS 25.331, it is specified 
that in a WCDMA system, two reporting modes, which are the 
periodic reporting and the event-triggered reporting mode, 
can be selected for the reporting of the measurement reports 
of the UE. The technical solution of the present invention 
employs the event-triggered mode, solving the above problem 
pretty well. 
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This method is proposed mainly with reference to the 
event-triggered reporting mode. This method utilizes 
substantially the events defined in the Specification 3GPP 
TS 25.331, uses them in combination selectively and reasonably, 
on the one hand avoiding as much as possible frequent and 
unnecessary inter-frequency handoffs, and on the other hand 
making the UE obtain as much radio link support as possible 
during the inter-frequency handoffs so as to reduce the risk 
of call drops. 

The use of the method of the present invention requires 
two preconditions: (1) the geographical cell where the UE is 
should have multiple frequency points coverage, otherwise 
inter-frequency hard handoffs cannot possibly occur; (2) in 
the measurement control commands the event-triggered 
reporting scheme is used. 

The events in the Specification 3GPP TS 25.331 referred 
to in the present invention are described as follows: 

(1) Event 2A: The best frequency point changes, that is, 
there is a non-current frequency point at which the signal 
quality is better than the signal quality on the current 
frequency point. 

(2) Event 2D: The signal quality on the current frequency 
point is lower than a certain threshold. 

(3) Event 2F: The signal quality on the current frequency 
point is higher than a certain threshold. 

The decision method for inter-frequency hard handoffs with 
event-triggered reporting proposed by the present invention 
comprises the following steps: 

Step 1, the RNC queries the specific conditions of the 
geographical cell where the UE is, and activates the 
compression mode to perform inter-frequency measurements, 
specifying the measurement events to be 2F and 2D and the 
relative threshold values. 

Step 2, the RNC sends a measurement control command to the 
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UE, the message including the events that the UE is required 
to report specifically and their parameters. 

Step 3, the UE receives the control command sent by the 
RNC, and performs measurement according to the specific 
measurement requirements; and send the message of the 
measurement report when the triggering criteria of the 
specif ical events are met . The evaluation of the comprehensive 
quality on a certain frequency point at the UE side uses the 
following formula : 



Q carrierj = 10 ■ LogM carrierj = W, • 10 • Log 



v i=1 



+ (1 - Wj) • 10 - LogM Bestj - H, 



wherein, Q carrier] is the dB value of estimated quality on frequency j ; 
M carrierj is the estimated quality on frequency j ; 

My is a measurement result of cell i in the active set on 

frequency j (in case of a non-used frequency point, they 
are the cells in the virtual active set ) ; 

N A j is the number of cells in the active set on frequency 

j ; 

M Best j is the measurement value of the best cell on frequency 

j; 

Wj is the weight factor for frequency j; 
H is the hysteresis parameter; 

Step 4, after receiving the reported results, the RNC 
begins to decide which event has been triggered, and the 
process goes to Step 5; 

Step 5, if it is decided that the event reported by the 
UE is 2F, then the process goes to Step 6, otherwise it goes 
to Step 7; 

Step 6, it is specified that the next event that the UE 
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is required to report is 2D, and the parameters are configured, 
then the process goes to Step 2; 

Step 7, if it is decided that the event reported by the 
UE is 2D, then the process goes to Step 8, otherwise it goes 
to Step 9; 

Step 8, it is specified that the next event that the UE 
is required to monitor is 2A and 2F, and the parameters are 
configured, then the process goes to Step 2; 

Step 9, if it is decided that the event reported by the 
UE is 2A, then the process goes to 10, otherwise it goes to 
Step 12; 

Step 10, the admission control is performed and the 
relative resource is allocated in the corresponding cell of 
the virtual active set; and the process goes to Step 11; 

Step 11, if the handoff is confirmed, RNC sends the handoff 
command to the UE, which then performs the measurements and 
reporting of Event 2F and 2D on the new frequency point; if 
the handoff cannot be performed, then the UE is required to 
continue with the measurements and reporting of Event 2A and 
2F on the original frequency point. The process goes to Step 
2; 

Step 12, the event is ignored, and the process continues 
to wait for new reported events from the UE, and goes to Step 
4 . 

The implementation of . the decision method for 
inter-frequency hard handoffs in a WCDMA system provided by 
the present invention proposes a definite solution to the 
decisions of inter-frequency hard handoffs in a WCDMA system 
from the perspective of practicality. This solution has the 
following advantages: (1) it has a reasonable logic and high 
efficiency, can well ensure the realization of the 
inter-frequency handoffs required by a WCDMA system, can 
improve the signal quality of a user's communication as far 
as possible, reduce the transmission power of the UE, and 
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reduce the interference to other cells. (2) The introduction 
of the reasonable hysteresis parameter and the first decision 
of Event 2F can avoid frequent handoffs, lowering the risk 
of call drops. (3) The use of the event-triggered reporting 
mode can avoid too many message exchanges between the UE and 
the RNC, significantly reduce the processing amount of the 
RNC, thereby helping to enhance the capacity of the entire 
system. 

Brief Description of the Accompanying Drawings 

Fig.l is the event-triggered inter-frequency handoff 

decision scheme 1. 

Fig. 2 is the control flow of the inter-frequency handoff 

events . 

Fig. 3 is the event-triggered inter-frequency handoff 
decision scheme 2. 

Preferred Implementation of the Invention 

The present invention utilizes substantially the 
measurement results reporting triggered by UE events in a 
WCDMA system, controls and decides on the events and 
measurement results to be reported by the UE thoroughly, 
thereby deciding whether it is necessary to perform an 
inter-frequency hard handoff. 

The implementation of the technical solution will now be 
described in detail with reference to the accompanying 
drawings : 

The use of the method of the present invention in a WCDMA 
requires that first, the geographical cell where the UE is 
should have multiple frequency points coverage, otherwise 
inter-frequency hard handoffs cannot possibly occur; second, 
in the measurement control commands the event-triggered 
reporting scheme should be used. And moreover, only when the 
UE is in the CELL__DCH state, can this method be used, and when 
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the UE is in another state, such as the CELL_PCH, URA_PCH, 
and CELL_FACH state, because the UE has no dedicated physical 
channel and will not perform cell handoffs, this method will 
not usually be used. But this method still does not exclude 
its applicability in other states. 

The flowchart of the core idea of said method of the present 
invention is depicted in Fig. 1, which shows that: 

(1) The RNC sends measurement control commands to the UE, 
specifying the physical quantities that the UE is required 
to measure, the physical quantities to be reported, the filter 
factors for the measurements (used for filtering measured 
values in the UE) , the cell information to be measured, the 
measurement report mode ( specif ied as the event-triggered 
mode) , the number of the measurement reports to be reported, 
the reporting interval of the measurement reports and other 
parameters that are relevant to the handoffs. The purpose is 
to make the UE perform measurements according to specific 
requirements specified by the RNC, wherein the provision of 
some of the information can facilitate the fast measurement 
by the UE. 

(2) After receiving the measurement control information, 
the UE begins to perform measurements according to the 
specific requirements in the command, and filter the 
measurement results with the filter factor specified in the 
measurement control command, evaluate comprehensively the 
measured signals on every frequency points, and when the 
criteria for the events required to be reported are met, upload 
the measurement results to the RNC with a measurement report 
message. The purpose is that all the measurement results 
reported by the UE allow the RNC to have an adequate reference 
basis when performing the next measurement control and 
deciding whether to perform a handoff . 

(3) The respective decision and control are performed 
according to the specific event reported by the UE . For example, 
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the decision of Event 2F in the UE is to see whether the signal 
quality on the frequency point currently used by the UE is 
trustworthy- If the event reported by the UE if 2F, then 
inter-frequency handoffs will not be considered at all, even 
if there is a better frequency point on which the signal quality 
is better, considering that the signals on the current 
frequency point are trustworthy. Because hard handoffs may 
cause call drops, and once a call drop occurs, the business 
service quality will be severely affected, when Event 2F is 
met, it can avoid having to bear the risk of potential call 
drops caused by inter-frequency hard handoffs not to consider 
performing handoffs, and only to require the UE to continue 
with the triggered reporting of Event 2D. Only when Event 2D 
is triggered, indicating that at this time the signal quality 
on the current frequency point is no longer quite good, and 
the time comes when the problem of performing inter-frequency 
hard handoffs can be considered in order to make the UE to 
obtain a better communication quality, will the UE be required 
to perform the decisions on Event 2A and 2F. This is because 
that before Event 2A is triggered, the signal quality on the 
current frequency point may have returned again to a state 
quite good (that is, Event 2F has been triggered). 

(4) Once Event 2A is triggered, indicating that the signal 
quality on the current frequency point is not quite good, but 
at this time there is a frequency point on which the signal 
quality is better, it is considered to perform an 
inter-frequency hard handoff, that is, to perform the 
admission control and resource allocation in the cells of the 
virtual active set. 

(5) If it is decided that Event A has occurred, then further 
actions required for determining whether a handoff can be 
performed should by taken, that is, the admission control and 
code resource allocation are performed in the cells with the 
corresponding frequency point, and if it can be admitted and 
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the code resources can be allocated in the (possibly multiple) 
cells of the virtual active set with the different frequency, 
then these cells are specified as the target cells, and it 
is prepared to perform the inter-frequency hard handoff , and 
perform the measurements and reporting of Event 2F and Event 
2D in the new frequency point. Here, these can be performed 
with the following several commands: (a) RADIO BEARER SETUP, 
(b) RADIO BEARER RECONFIGURATION, (c) RADIO BEARER RELEASE, 
(d) TRANSPORT CHANNEL RECONFIGURATION, (e) PHYSICAL CHANNEL 
RECONFIGURATION. If it is not admitted in the cells with the 
different frequency (that is, the code resources cannot be 
allocated) , then the inter-frequency handoff action will not 
be performed at this time, and the UE is commanded to start 
the decisions and reporting of Event 2F and Event 2A. 

Fig. 2 is a flowchart of the event control in the decision 
method for inter-frequency handoffs with event-triggered 
reporting according to the present invention. This is an event 
decision sequence designed according to the correlations 
between the inter-frequency measurement events. The 
directions indicated by the arrows in Fig. 2 show the events 
needing to be further decided on after the current event is 
triggered, specifically as follows: 

(1) When requiring the UE to perform the initial 
measurements, the RNC sends a measurement control message 
command, requiring the UE to perform the decisions on Event 
2F and Event 2D (the setting of the corresponding threshold 
parameters is required) in order to see whether the signal 
quality on the current frequency point is trustworthy. 

(2) When Event 2F is triggered and reported, indicating 
that the performance of the UE using the current frequency 
is quite good, it is unnecessary to consider to perform a 
handoff (even if there is a frequency point with better quality, 
the handoff is still unnecessary, because a hard handoff 
itself may cause a call drop, thus affecting the service 
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quality) , and at this time the UE is required to perform the 
decision on Event 2D (the RNC notifies the UE) . The threshold 
for Event 2F can be set higher than the threshold for Event 
2D by about 2 dB, in order to avoid too much alternating 
occurrences of the two events. 

(3) If at some time Event 2D is triggered, indicating 
that performance of the UE using the current frequency is no 
longer quite good, and there may be some other frequencies 
that suit the UE better, then the UE is commanded to perform 
the decisions on Event 2A and Event 2F. 

(4) When Event 2A is triggered and reported, indicating 
that there is a new frequency that can be used by the UE, and 
the performance by using this frequency is better than that 
on the current frequency, the RNC determines whether to 
perform an inter-frequency hard handoff according to the 
results of the admission control and resource allocation, and 
sends the corresponding message to the UE . If the results are 
changing the frequency and the change at the UE side is 
successful, it means that the inter-frequency hard handoff 
occurs. The UE will reconfigure parameters according to the 
physical channel provided by the RNC, establish the new 
physical channel, and begin to exchange messages with the 
corresponding node B or base station B. At this time, the UE 
will restart the decisions on Event 2F and 2D under the control 
of the RNC on the new frequency being used. 

Fig. 3 is a flowchart of another decision method for 
inter-frequency hard handof f s with event-triggered reporting 
according to the present invention, wherein the use of the 
compression mode during the inter-frequency measurements is 
taken into account. The use of the compression mode may to 
some extent adversely affect the power control and the normal 
service, therefore the use of the compression mode will be 
stopped in unnecessary situations. This method added several 
steps to the method shown in Fig.l, specifically as follows: 
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(1) Between Step 7 and Step 8 is added a step, that is, 
Step 14: after Event 2D is triggered and reported, the RNC 
commands the UE to activate the compression mode to perform 
the inter-frequency measurement, and at this time the 
measurements of the signal qualities in the cells on other 
frequency points begins to be performed. 

(2) Between Step 5 and Step 6 is added a step, that is, 
Step 13: after Event 2F is triggered and reported, the RNC 
commands the UE to stop using the compression mode to perform 
the inter-frequency measurements, and at this time the 
measurements of the signal qualities in the cells is only 
performed on the currently used frequency. 

The thresholds of Event 2D and Event 2F must have a 
difference between them (which can usually take the value of 
2 dB) , otherwise there may ensue too frequent activations and 
stops of the compression mode. 

This method has also altered the concrete content of a 
step in the method as shown in Fig.l, that is, in Step 1, the 
activation of the compression mode to perform the 
inter-frequency measurement as shown in Fig.l is changed to 
not activating for the moment the compression mode, that is, 
not performing the inter-frequency measurement temporarily. 
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